Nuclear calcium signaling is initiated by cytosolic calcium surges in vascular smooth muscle cells.
Calcium is not only a second messenger in the cytoplasm but also may be involved in signaling within the nucleus itself. The regulation of the nuclear calcium signal is imperfectly defined. The purpose of our study was to further elucidate the relationship between cytosolic [Ca++]c and nuclear calcium concentration [Ca++]n in vascular smooth muscle cells and to test the hypothesis that components of the phospholipase C-induced signaling system are responsible for the hormone-induced increase in [Ca++]n. Cytosolic [Ca++]c and nuclear calcium concentration [Ca++]n were measured by confocal microscopy in primarily cultured vascular smooth muscle cells from rat aorta. Basal [Ca++]n was lower than the cytosolic calcium [Ca++]c concentration. Angiotensin II (10(-7) M) induced a rapid increase in [Ca++]c which was immediately followed by a surge in [Ca++]n. The high [Ca++]n was maintained for 20 to 30 seconds and returned to basal values thereafter. Increased transmembraneous calcium influx by KCl (80 mM) led to a rapid rise in [Ca++]n. Treatment of vascular smooth muscle cells with ionomycin (10(-4) M) also induced an increase in [Ca++]c accompanied by an increase in [Ca++]n. The calcium channel agonist A 2386 led to a slower increase in both [Ca++]c and [Ca++]n. An increase in extracellular calcium to 6 mM under these conditions enhanced the surge of [Ca++]c but not [Ca++]n. Removal of extracellular calcium by EGTA decreased both the angiotensin II-induced increase in [Ca++]c and the increase in [Ca++]n. Nitrendipine (10(-7) M) had the same effect as EGTA. Inhibition of the intracellular release by preincubating vascular smooth muscle cells with thapsigargin (10(-5) M) also partially inhibited the effect of angiotensin II (Ang II) on [Ca++]n. However, combined EGTA and thapsigargin abolished both the rise in [Ca++]c and the surge in [Ca++]n. The protein kinase C inhibitors staurosporine (5 x 10(-8) M) and H7 (10(-7) M) had no effect on the Ang II-mediated increases in [Ca++]c and [Ca++]n. Our results demonstrate that the angiotensin II-induced increase in [Ca++]c is rapidly followed by a rise in [Ca++]n. This effect on [Ca++]n is not mediated by an angiotensin II-induced generation of IP3 or activation of protein kinases, but rather seems to depend on an increase in [Ca++]c.